Vološčuk I.: Joint Slovak-Ukraine-Germany beech ecosystems as the World Natural Heritage.
Introduction
The phenomenon of forests dominated by a single tree species as vegetation over a major part of entire continent is unique to Europe (Knapp, 2011) . Thanks to its extremely high ecological competitiveness, the Fagus sylvatica spread to cover wide areas throughout Europe over the course of postglacial forest development and took over an extremely wide ecological spectrum of sites (Akeroyd, 1993; Le Goff, 1990; Manos, Stanford, 2001; Magri et al., 2006 ).
Europe's beech forests are deciduous forests which are dominated by the European beech (F. sylvatica L.; Barna et al., 2011) . The beech is endemic to Europe and beech forests are Vol. 33, No. 3, p. 286-300, 2014 doi:10.2478 /eko-2014 limited to Europe (Gömöry et al., 2011) . Such forests therefore share the fate of all deciduous forests of the northern hemisphere's nemoral zone (Bohn, Neuhäusl, 2003) . They have been exposed to an enormous development pressure (settlement, utilisation) for centuries, so that natural forests have become scarce (Britz et al., 2009; Kozak et al., 2007) . Beech is one of the most important elements of forests in the temperate broadleaf forest biome (Udvardy, 1975) and represents an outstanding example of the re-colonisation and development of terrestrial ecosystems and communities after the ice age, a process which is still ongoing (Knapp, 2011) . Forest communities built up and dominated by the beech are widespread across major parts of Central Europe (Brädli, Dowhanytch, 2003; Hamor, Commarmot, 2005) . The model of the main natural successional phases occurring in Central Europe contains: grow-up stage, optimal stage, decaying stage (Drössler, 2006; Drössler, Lupke, 2005; Koop, Hilgen, 1987; Korpeľ, 1982 Korpeľ, , 1989 Korpeľ, , 1995 Leibundgut, 1978 Leibundgut, , 1982 Leibundgut, , 1993 Meyer, 1999; Oheimb et al., 2005; Saniga, 2011; Saniga, Schütz, 2001; Zukrigl et al., 1963) .
In the grow-up stage, trees are found in all three layers -upper, middle and lower -and the crown closure is dense. As there is low mortality of trees in this age, there is little dead wood (Korpeľ, 1995; Saniga, Schütz, 2002) . In the end phases, however, the competition between individuals is so great and high mortality of juveniles occurs. In the following optimal stage, the maximum timber stock is reached, but the number of trees per unit area is low. With the lack of an understory (Mölder et al., 2008 , Saniga, 2002 , the attainment of maximum height and a closed canopy, the forest in this phase is known as 'hall-forest' , being reminiscent of the interior of a cathedral or great hall, and also bears some resemblance to a commercial forest. During the transition to the decaying stage, tree vitality decreases and the proportion of dead wood increases considerably. In this phase, the number and size of gaps between tree clusters increases and regeneration of climax tree species starts again.
A significant feature of the beech forests is decline in floristic diversity (Barbier et al., 2008; Falkengren-Grerup, Tyler, 1991) , which is a result of the history of flora and vegetation, from the former glacial refuges in southern and southeastern Europe up the northern and northwestern subterritories (Mölder et al., 2008) . Old beech trees can form a highly diverse habitat for fauna (Brang, 2005) . The beech is a key species that creates its own internal forest climate and crucially influences soil formation, regeneration cycle, food chains and structures reveals an astonishingly specific diversity of plants, vertebrates, insects, molluscs and fungi (Diershke, Bohn, 2004; Dörfelt, 2008 ). This diversity is described in terms of its ecological role in the ecological processes of beech forest ecosystems -trees and scrubs, mycorrhizae, geophytes, other herbaceous plants, lianas, herbivores, carnivores, dead wood inhabitants, destruens, etc. (Assmann et al., 2008; Capotorti et al., 2010) .
The ecological process is understand as a continuous action or series of action that is governed or strongly influenced by one or more ecosystems (a system of plants, animals and other organisms together with the non-living components of their environment). Natural ecosystem is understand as an ecosystem where since the industrial revolution (say 1750) human impact (1) has been no greater than that of any other native species, and (2) has not affected the ecosystem's structure. Human impact excludes changes of global extent, such as climate change due to global warming (IUCN/UNEP/WWF, 1991). Valuable knowledge concerning ongoing ecological processes in the Carpathian primeval beech forest ecosystems and the ancient beech forests of Germany has been obtained during the past 75 years and utilised for practical forest and conservation management.
The Primeval Beech Forests of the Carpathians (Slovakia and Ukraine) have been inscribed on the World Heritage List on 28 June 2007 under criteria of outstanding universal value (ix) (Pichler et al., 2007a; Plachter et al., 2008) .
The Decision of the 35. Session of the World Heritage Committee, Paris 25 June 2011, approved the extension of the Primeval Beech Forests of the Carpathians (Slovakia and Ukraine), to include the Ancient Beech Forests of Germany, and becomes the Primeval Beech Forests of the Carpathians and the Ancient Beech Forests of Germany (Slovakia, Ukraine and Germany), on the basis of criterion (ix): outstanding examples representing significant ongoing ecological and biological processes in the evolution and development of ecosystems and communities of plants and animals (Britz et al., 2009 ). The German extension in 2011 is another major step toward transboundary protecting this unique ecosystem for the long term (Turnock, 2002) . The formal approval of beech forests in the territory of the Slovak and Ukrainian Carpathians and ancient beech forests of Germany as part of the World Heritage is in line with the UNESCO guidelines and points to the special global importance and integrity of nature reserves which form the skeleton of listed sites.
These forests and adjacent grasslands with the original tree species composition are important model territories enabling research and application of knowledge about the natural development processes in undisturbed beech ecosystems. They are unique in the global context and their protection can be provided only in the presence of conservation initiatives and interested local authorities and institutions responsible for their management.
Characteristics of protected areas as the World Natural Heritage
The World Heritage Sites with beech ecosystems in Europe comprising 15 components: 10 in Slovak -Ukrainian Carpathians and 5 in Germany. From IUCN categorisation point of view (Bishop et al., 2004; Dudley, Phillips, 2006; EUROPARK, IUCN, 2000; IUCN, 1994; Hockings et al., 2006 , Lockwood et al., 2006 Phillips, 2002; Thomas, Middleton, 2003) the World Heritage Sites in Slovakia are situated in strict protected nature reserves (IUCN Category I) of Poloniny National Park ( Fig. 2 ; IUCN Category II) and in nature reserves of Vihorlat Protected Landscape Area (IUCN Category V) (Vološčuk, 1999) . The World Heritage Sites in Ukraine are situated in territory of Carpathian Biosphere Reserve ( Fig. 3 ; this is the strict protected category in Ukraine, by IUCN Category I) (Hamor, Commarmot, 2005) and in nature reserves of Uzhansky National Nature Park (IUCN Category II) (Kricsfalusy et al., 2001) . In Germany the World Natural Heritage Sites are situated in national parks (IUCN Category II) (Britz et al., 2009 ). The geographical coordinates of the Primeval Beech Forests of the Carpathians (centre of protected areas) are shown in Table 1. • Havešová, Slovakia, 171 ha. Havešová National Nature Reserve in Poloniny National Park contains nearly homogenous, largely monodominant mature beech forests and the tallest and largest European beech specimens in the world. Flysch sandstone, 500-700 m a.s.l.
• Rožok, Slovakia, 67 ha. Rožok National Nature Reserve within the buffer zone of Poloniny National Park, contains nearly homogenous, largely monodominant mature beech forests. The northern thorough western flysch sandstone hillsides of the Bukovské Mts, 500-790 m a.s.l., are home of primeval beech forests of all developmental stages. East Carpathian flora and the nesting grounds of owls and storks are found in the area.
• Stužica-Bukovské Vrchy, Slovakia, 2950 ha. A continuous complex of primeval beech forests comprising Stužica National Nature Reserve and parts of the core zone of Poloniny National Park, extending along the Slovakian, Ukrainian and Polish borders. Flysch sandstones and clay shales. 650-1221 m a.s.l. Huge beeches, mountain maples, firs and mountain meadows (Poloniny) along with East Carpathian species of flora and fauna. Up to 560 trees occupy a single hectare here (Fig. 4 ).
• Vihorlat, Slovakia, 2578 ha. Vihorlat National Nature Reserve, Morské oko National Nature Reserve and planned core area with continuous beech woods complex of primeval beech forests in the Vihorlat Protected Landscape Area. A typical strato-volcano composed mainly of andesites with the andosols and occurrence of warm-climate and important mountainous plant species. 600-1075 m a.s.l. Plant and animal habitats typical for Eastern Slovakia.
• Chornohora, Ukraine, 2476 ha. Diverse beech forest communities in the Carpathian
Biosphere Reserve and representative of natural beech forests originally looked like in (Fig. 5) . • German's component parts are the most outstanding examples worldwide of the respective beech forest types. Each component part has its own specific characteristics and local peculiarities that make it unique and irreplaceable.
• Jasmund, Mecklenburg-West Pomerania. Jasmund National Park. 493 ha, buffer zone 2510.5 ha. 54°32'53˝ N, 13°38'43˝ E, 0-131 m a.s.l. Jasmund is representative of the beech forest of the lowlands type. Half of Jasmund's property border follows to coast-line. Although this border is subject to very slow natural dynamic changes based on the denudation of the steep coast, it is clearly identifiable by distinctive habitat limits at any given point. Jasmund represents the beech forests of the lowlands on lime and boulder clay. Beech forests, chalk cliffs and sea form a fascinating backdrop. The harsh coastal climate and the interaction of topography and climate lead to a broad range of different beech forest communities which are interspersed with streams and moors. Rare orchids, the great horsetail and the coral root are typical here (Fig. 6 ).
• Serrahn, Mecklenburg-West Pomerania. Müritz National Park. 268 ha, buffer zone 2568.0 ha. 53°20'24˝ N, 13°11'52˝ E, 67-124 m a.s.l. The best structured lowland beech forests in Europe. Demarcation in Serrahn has produced a compact core area of beechdominated forests. In the Serrahn part the forest of the Müritz National Park lowland beech forests grow on sands from the Ice Age. In the midst of an extended forest and lake landscape this old beech forests helps us to imagine what the German beech forests once looked like. Lakes and mires enrich the forest landscape, create a rich diversity of habitats and form the basis for a great amount of biodiversity. The beech forest of Serrahn consequently documenting moisture-related distribution limits in an outstanding manner.
• Grumsin, Brandenburg. 590 ha, buffer zone 274.3 ha. 52°59'11˝ N, 13°53'44˝ E, 76-139 m a.s.l. Grumsin represents the beech forests of the lowlands on glacial sands and clay. The demarcation of the Grumsin component part largely follows the core area border of the Schorfheide-Chorin Biosphere Reserve, which was designated in 1990. Minor marginal zones which predominantly consist of pine woods rather than near-natural deciduous forests and were likewise abandoned to natural development in 1990 have been assigned to the buffer zone. Water and forests are closely linked in Grumsin. Lakes, forest marches and moores in deep valleys interchange with marked ridges and conjure up atmospheric forest images in the ancient beech forests. These different structures in the most confined spaces form the basis for an exceptionally rich range of animal and plant species. The area represents an exceedingly textured young moraine landscapes with altitudes of between 60 and 140 m a.s.l. and all the typical elements in a unique fashion. • Hainich, Thuringia. Hainich National Park. 1573 ha, buffer zone 4085.4 ha. 51°04'43˝N, 10°26'08˝ E, 290-490 m a.s.l. Hainich National Park encompasses what is, at present, the largest unmanaged deciduous forest area in Germany. Hainich represents the best reference area for the specious eutraphentic beech forests of the European colline-submontane zones with their ground vegetation rich in geophytes and the exceedingly attractive floral display in early spring, representing the seasonality of Central European deciduous forests in a unique manner. The most valuable beech forests that offer a very rich range of species grow on the central mountain ranges on limestone. It impresses through its extensive range of tree species and reveals lime beech forests of a magnitude, unspoilt nature and form that you will be unable to find in any other area. The demarcation in Hainich follows the distribution of the best-preserved beech forests with old growth stands. The buffer zone comprises the core area of the national park. The Hainich beech forest is unique proof of the currently ongoing ecological processes associated with the present climate change (Fig. 7 ).
• Kellerwald, Hesse. Kellerwald -Edersee National Park. 1467 ha, buffer zone 4271.4 ha.
51°08'43˝ N, 08°58'25˝ E, 245-626 m a.s.l. The acidophilus beech forests of the lower mountain ranges grow on slate and greywacke in the Kellerwald. No roads and no settlement cut through the exceptionally old, extensive forests of the Kellerwald in which unique primeval forest relics have survived. The beech reaches its natural forest boundary at the rocky and scree slopes and forms a bizarrely formed forest landscape. More of than 500 of the purest springs and streams form additional valuable habitats. In Kellerwald, the border was established taking into account the specific qualities of the component part, such as the high relief energy, the disjointed occurrence of small primeval-forest like steep slopes, and the spatial distribution of valuable beech forests. A coherent complex of valuable old-growth beech forests has been included. The demarcation of buffer zone follows the national park border. No buffer has been designated in a very small plot located on the northern border in order to integrate one of the primeval beech forest slopes into the property. Kellerwald contains the largest protected area of oligotraphent and mesotraphent beech forests, where undisturbed ecological and biological processes occur and is a perfect illustration of acidophilus beech forests.
Implementation of integrated management plan for the World Heritage Properties
Long-term protection and management of the protected areas and especially of the World Heritage Sites is ensured through national legal protection as national parks, protected landscape areas and nature reserves (Cooney, 2004; IUCN WCPA, 2000; Kuemmerle et al., 2008; Levrel, 2007; Lockwood et al., 2006; Stolton, Dudley, 1999; Synge, 2004; Thomas, Middleton, 2003; Wilshusen et al., 2002; Zbicz, Green, 1997) . Long-term research of the Carpathian primeval beech forests (Brändli, Dowhanytsch, 2003; Bublinec, Pichler, 2001; Commarmot et al., 2000; Giurgiu et al., 2001; Hamor, Commarmot, 2005; Jaworski et al., 1994a, b; Korpeľ, 1995; Pichler et al., 2007a, b; Saniga, 2002 Saniga, , 2003 Saniga, , 2011 Saniga, Klimaš, 2004; Saniga, Schütz, 2001 Saniga, Sklenár, 2003; Stoyko, 2002; Stoyko, Tasekevitch, 1993; Stoyko et al., 1982; Vološčuk, 1992 Vološčuk, , 1994 Vološčuk, , 1995 Vološčuk, , 2003 Zlatník, 1934 Zlatník, , 1935 Zlatník, , 1936 Zlatník et al., 1938) and of the ancient beech forests of Germany (Britz et al., 2009 ) results in practical guidance for developing and managing of beech forests in nature reserves, national parks and landscape protected areas.
The general objectives of the integrated management plan for the World Heritage Sites are (Pichler et al., 2007a,b) :
• To ensure the most effective conservation of the WHS properties with all their abiotic and biotic components, geo-and biodiversity and ecological processes. To secure a lasting homeostasis and self-reproduction of the respective ecosystems and their protection both against anthropogenic factors (Čeřovský, 1996; Denisiuk, Stoyko, 2000; Hamilton, McMillan, 2004; Hamilton et al., 1996; Phillips, 2000; Stolton et al., 2012; Synge, 2004 ).
• To maintain and expand the existing, ecologically connected complex of primeval and natural beech forests that encompass the WHS within the corridors connecting the WHS. Supporting the succession of managed beech seminatural forests (Bennett, 1994 (Bennett, , 1998 Bishop et al., 2004; Sandwith et al., 2001; Stolton et al., 2003 , Pichler et al. 2007b ).
• To use WHS for scientific research in order acquire knowledge transferable and applicable on the level of sustainable (Otto, 1994; Vološčuk, 1992 Vološčuk, , 1994 Vološčuk, , 1995 Vološčuk, , 2003 . To use WHS for enhancement of landscape ecological stability (Peterson et al., 1998 ).
• To use WHS for enhancement of ecological and environmental education, awareness of primeval forests -chosen to maintain integrity and conservation of the existing sites, to preserve their naturalness and uniqueness (Stolton, Dudley, 1999; Turnock, 2002 ).
• To support of traditional crafts, products and ecotourism (Balandina et al., 2012; CeballosLascuráin, 1996; Eagles et al., 2002; EUROPARK Federation, 1993; Gebhard et al., 2007; Pichler, Soroková, 2005) . Common elements of an effective management system could include: (a) a thorough shared understanding of the property by all stakeholders; (b) a cycle of planning, implementation, monitoring, evaluation and feedback (Hocking et al., 2000 (Hocking et al., , 2006 IUCN WCPA, 2000) ; (c) the involvement of partners and stakeholders (EUROPARK Federation, 1993; Synge, 2004) ; (d) the allocation of necessary resources; (e) capacity-building and (f) an accountable, transparent description of how the management system functions (Levrel, 2007) .
Discussion
Implementation of mentioned management theory in practice is different in Germany, Ukraine and Slovakia. The main problem is the private ownership in national parks and nature reserves. Slovakia, Ukraine and Germany are post-communist counties and since 1990 the ownership was changed.
In Germany permanent protection of the World Heritage Property (National Park Jasmund, National Park Serrah, Grumsin -Biosphere Reserve Schorfheide -Chorin, National Park Hainich, National Park Kellerwald) is ensured by the ownership structure. The property of national parks is almost entirely publicly owned. The owners are Länder and municipalities. In the Schorfheide-Chorin Biosphere Reserve (Grumsin) the domain are in private ownership for the most part (81%), with 64% being owned by the non-profit organisation. The area of 375 ha was purchased by means of public funds and the allocation of which is associated with the pertinent obligations, most notably the non-intervention policy. In German, five properies, only a small portion of 3.3% of all component parts is privately owned with a purpose solely governed by private law. This area will be purchased in the foreseeable future by the territorial communities by way of acquisition or relocation (Britz et al., 2009) . Functional protection within the five component parts and their buffer zones is ensured by designation of protected areas by low or ordinances, administrative bodies responsible for the management of the component parts, and management plans specifically devised for the protected areas including the component parts.
In Ukraine the World Heritage property in the Carpathian Biosphere Zapovednik (Reserve) and Uzhanskyi Nature National Park is state owned. The protection is ensured by designation of this protected area by the Law of Ukraine 'On Nature Protection Fund of Ukraine' . The management of the properties buffer zone is regulated by the state Laws of Ukraine. The connecting corridors linking the properties are subject to the Law of Ukraine 'On establishing of the Ukrainian National Ecological Network ' (No. 1989-111) . These forests are thus either under state protection and designated already for the future extension of the Carpathian Biosphere Zapovednik (Reserve) or they are reserved for the establishment of new protected areas. In Ukraine there are no problems with management plan realisation.
In Slovakia problem with the management plan realisation in practice is complicated because of ownership structure. The owners of the World Heritage Property in Poloniny National Park and Vihorlat Protected Landscape Area are state (40%) and small non-state company -'urbariát' (60%). The Poloniny National Park and Vihorlat Protected Landscape Area have been established in former totalitarian political system without the approval of 'urbariát' company. After 1990 the land use was returned to primary ownerships (urbariáts), which require financial compensation for restriction of their ownership right to using the protected forest areas. That refer also to World Heritage Primeval Beech Forests.
Protection measures related to the mentioned beech primeval forests on the Slovak territory are regulated by the provisions of Act of the Slovak National Council No. 543/2002 Coll. on Nature and Landscape Protection (hereinafter only Act). In the wording of § 16, section 1 of the Act, any interventions are prohibited in Nature Reserves as strictly protected areas. The cited protection regimes correspond to Ia management regime of IUCN classification (on 2113 ha), but some parts of the Slovak beech forests is potential threatened by human activities. Every nominated property is individually covered by an approved forest management plan (legal norms providing for the forest management plans are contained in the §2 and §40 of the Act of the Slovak National Council No. 326/2005 Coll. on the forest management and state administration of forest management) for a 10-year period, but stipulates no-intervention policy only in these existing protected areas. The forests of the connecting corridors are located within the boundaries of the Poloniny National Park and Vihorlat Protected Landscape Area. Thus, they are subject to forest management plans, in which the application of close-to nature continuous-cover forestry toolbox is secured by the obligatory incorporation of 'protected area maintenance programme' , worked out by the respective authority (Poloniny NP and Vihorlat PLA) in compliance with Regulation of the Ministry of the Environment of the Slovak Republic, and subject to the approval by the Government of the Slovak Republic.
Conclusion
Maintaining a joint World Heritage natural beech forests in Slovakia, Ukraine and Germany is a challenge for the participating countries to improve protection principles and sustainable development of natural beech ecosystems. In view of the complicated ownership relations in the Slovak protected areas included in the World Heritage Site, it is necessary that conservation and forestry state administration bodies together interacted with forest owners, stakeholders, local people and reach a compromise in the implementation of integrated management plan for natural forest of Joint World Natural Heritage.
